Photoactivation of the latent oxygen-evolving system in intact chloroplasts isolated from wheat ( Triticum aestivum L.) leaves grown under intermittent flash illumination was investigated, and the following results were obtained: (a) The water-oxidation activity generated on ifluminating the isolated intact chloroplasts was as high as that generated in intact leaves, indicating that all the machinery necessary for the activity generation is assembled within intact chioroplasts. (b) The generation of wateroxidation activity was accompanied by enhancement of the activity of diphenylcarbazide-oxidation, and both processes share the same photochemical reaction but with respective rate-limiting dark reactions of different efficiencies. (c) A23187, an ionophore for divalent cations, strongly inhibited the generation of water-oxidation activity but did not affect the activity once generated, which suggested that Mn atoms in the chloroplasts are susceptible to the ionophore before photoactivation but turn immune after photoactivation. (d) The generation of water-oxidation activity was not affected by the inhibitors of ATP formation and CO2 fixation, but was inhibited by nitrite, methylviologen and phenylmercuric acetate which suppress or inhibit the reduction of ferredoxin in intact chloroplasts. It was inferred that some factor(s) probably present in stroma to be reduced by PSI photoreaction is involved in the process of photoactivation.
There are many reports on the reactivation of 02 evolution in isolated chloroplasts after various inactivation treatments which preferentially block the 02-evolving system. Yamashita and Tomita (21, 22) found that Tris-inactivated oxygen evolution is restored by simply washing the chloroplasts with reduced DCIP2 solution, in some cases, followed by illumination in the presence of Mn2 , Ca2' and DTT. In these reactivation experiments with isolated chloroplasts, the coexistence of reducing agent has been shown to be the common requirement.
In reactivation experiments with whole algal cells, on the other hand, Cheniae and Martin (4) lans with no externally added factor. Similar photoactivation with no external factor is commonly observed for dark-grown algal cells (5) , dark-grown gymnosperm leaves (I 1, 15) or for intermittently flashed angiosperm leaves (10, 18) , when illumination is given to intact cells or leaves before isolation of chloroplasts. However, when illumination for photoactivation is applied to the chloroplasts after isolation from cells and leaves, very few cases of photoactivation of the Hill activity are reported. Oku and Tomita (16) succeeded in generating by illumination an appreciable 02-evolving activity in isolated chloroplasts of dark-grown spruce seedlings, but the yield of the Hill activity generation was critically dependent on the presence of ascorbate at high concentrations.
A question may arise hereupon whether the process of photoactivation requires some cytoplasmic factor(s) in addition to the photochemical processes within the chloroplasts or not. In the present study, we report the characteristics of photoactivation of the latent water-oxidation system (denoted simply as photoactivation in this paper) in intact chloroplasts isolated from wheat leaves grown under flashing light. This experimental system enabled us to investigate the effect of various externally added chemicals, uncouplers, ionophores, etc, on the process of photoactivation, and the results obtained indicated clearly that all the factors necessary for the process are assembled within intact chloroplasts. It is also suggested that a factor probably present in stroma and reduced by PSI photoreaction plays an important role in the process. Based on these findings, the relationship between this factor and the reducing agent reported to be necessary for the reactivation of Tris-inactivated oxygen-evolving system is discussed. Preparation of Protoplasts. Protoplasts were prepared from the intermittently illuminated leaves according to the method of Edwards et al. (6) . The leaves were cut into segments (0.5 to 1.0 mm in width) and incubated in an enzyme medium containing 0.5 M sorbitol, 1 mm CaCl2, 2% (w/v) Cellulase (Onozuka R-10) and 0.3% (w/v) pectinase (Macerozyme R-10) and 0.05% (w/v) BSA (pH 5.5). The incubation was continued for 4 h at 26°C in darkness and the crude protoplasts were collected by centrifugation at lOOg for 5 min. The protoplasts were then purified by sucrose/sorbitol discontinuous density gradient centrifugation at lOOg for 5 Photoactivation. For the photoactivation experiment with isolated protoplasts or chloroplasts, the samples suspended in a medium containing 0.33 M sorbitol, 5 mm NaCl, 0.2 mm K2HPO4, and 50 mm Hepes-NaOH (pH 7.5) at a Chl concentration of 10 ,ug/ml were illuminated at 25°C with continuous light from an incandescent slide projector (150 w) passing through an orange filter (Toshiba, VO-56) and a 4-cm layer of 4% CuS04 solution at an intensity of 250 iUw/cm2. For the experiment with intact leaves, the flashed leaves were spread on a filter paper moistened with distilled H20 and illuminated from above with orange light as described above. In the light-intensity dependence experiments, the intensity was reduced by neutral density filters (Nihon Shinku, ND filters).
MATERIALS
Activity Measurement. Chloroplasts were osmotically disrupted by adding 20 volumes of distilled H20 just before activity measurements, and the activity of DCIP photoreduction with water or DPC as electron donor was assayed at 25°C with a recording spectrophotometer (Shimadzu, UV-300). Actinic light was the red light from an incandescent slide projector (500 w) passing through a red filter (Toshiba, VR-65), a heat absorbing filter (Nihon Shinku, Cold filter-B) and a 10-cm layer of water and focused onto the optical cell at a saturating intensity of 130 mw/cm2. The standard medium for the assay contained 0.33 M sorbitol, 5 mm NaCl, 0.2 mm K2HPO4, 1 mM MgCl2, 20 mm methylamine, 20 /LM DCIP, and 50 mm Hepes (pH 7.5), and 1 mm DPC was added when used. Chl concentration was determined by the method of Arnon (1). Irrespective of the sample source, all thylakoid preparations obtained from nonilluminated leaves, protoplasts, intact or broken chloroplasts showed no activity of DCIP photoreduction with water as electron donor (denoted in this paper as water-oxidation activity), while showing appreciable activities with DPC as electron donor (denoted as DPC-oxidation activity). When, however, the leaves, protoplasts, or intact chloroplasts were illuminated with continuous light before chloroplast preparation, the thylakoids prepared from these samples showed remarkable water-oxidation activities, and the DPC-oxidation activity was also enhanced by a factor of about 2. The water-oxidation activities thus generated by illumination in protoplasts and intact chloroplasts were as high as the activity generated by illumination of intact leaves. These results clearly indicate that photoactivation proceeds normally in intact chloroplasts as well as in protoplasts and intact leaves, and that all the factors necessary for the process are assembled within intact chloroplasts. By contrast, the illumination of broken chloroplasts did not induce water-oxidation activity at all but rather lowered the activity of DPC-oxidation. This indicates that the intactness of chloroplasts is essential for the photoactivation in vitro, and may also imply that some factor(s) in stroma is involved in the process. Figure 1 shows the course of generation of water-oxidation activity and enhancement of DPC-oxidation activity during illumination of intact chloroplasts. Before illumination, both activities of water-and DPC-oxidation were 4 and 54 ,umol DCIP/mg Chl-h, respectively. On illumination, the water-oxidation activity was rapidly induced and reached the saturation level of about 100 to 200 ,umol DCIP/mg Chl -h after 20 min (curve A). The DPCoxidation activity was also enhanced by illumination and reached the same saturation level as that of water-oxidation activity (curve B). The saturation level fluctuated between 100 and 200 ,tmol DCIP/mg Chl-h depending on the preparation of intact chloroplasts, but the two activities repeatedly showed the same saturation level independent of the preparation. The actvities thus generated or enhanced by illumination were stable during the subsequent dark incubation at 0°C at least for 4 h. Figure 2 shows the light-intensity dependence of the rate of photoactivation, in which the increment of the water-and DPCoxidation activities during the first 10 min of illumination was plotted against the intensity of illumination. Both rates were steeply increased with increasing the light intensity and were saturated at the same intensity of about 70 ,Aw/cm2, but the saturation level of the increment of water-oxidation activity was reproducibly higher than that of DPC-oxidation activity (curve A). This implies that the overall quantum yield for the enhancement of DPC-oxidation activity is limited by some reason at a Plant Physiol. Vol. 69, 1982 lower level than that for the induction of water-oxidation activity (curve B).
RESULTS
The difference in the overall quantum yield between the two activity increments was analyzed based on the method by Lumry and Spikes (13) . The small figure in the margin of Figure 2 shows the reciprocal plot of the rate of photoactivation versus the reciprocal of light intensity. involve respective rate-limiting dark reactions with different efficiencies. Figure 3 shows the effect of aging of the intact chloroplasts on photoactivation. The sample intact chloroplasts were stored after preparation for various durations at 0°C in darkness before being subjected to photoactivation by 20-min illumination. The competence of photoactivation declined with aging in terms of both water-and DPC-oxidation activities and, after 8-h aging, both activities could no more be activated by illumination (curves A and B). The DPC-oxidation activity observed for nonilluminated samples did not change during the aging of 8 h but was rather decreased by illumination below the initial level before illumination when the aging period is prolonged. Probably, the photochemical reaction in the absence of electron donor in the latent water-oxidation system no more capable of being activated because of aging resulted in some destruction of the system. (12) might be responsible for this inhibition. 2 mM) considerably inhibited the activity generation. Since these chemicals are known to inhibit CO2 fixation by preferentially accepting electrons from PSI, the results suggest that the electron transport on the reducing side of PSI plays an essential role in the process of photoactivation. PMA (50 jiM), a typical inhibitor for ferredoxin and ferredoxin-NADP oxidoreductase, also inhibited the activity generation. Possibly, some factor reduced with ferredoxin as catalyzer is required for the process of photoactivation. DISCUSSION In the present study, it was shown that the latent water-oxidation system in isolated intact chloroplasts prepared from wheat leaves grown under intermittent flashes can be activated by simply illuminating the isolated chloroplasts with continuous light with no externally added factor. The activity generated by illuminating the isolated intact chloroplasts fluctuated around 200 ,imol DCIP/ mg Chl * h, but these values were almost comparable to the activity generated by illuminating the intact leaves. This fact indicates that all the machinery necessary for normal photoactivation is assembled within intact chloroplasts and no cytoplasmic factor is required ( Table I) .
As opposed to intact chloroplasts, no activity generation could be observed for broken chloroplasts. The broken chloroplasts used in the present study were obtained by the same procedure as for the intact chloroplasts and separated by Percoll density gradient centrifugation. Judging from the mild preparation procedure used and also from observation under microscope, the reason for the loss of photoactivation competence of the broken chloroplasts cannot be due to the damage in thylakoids but seems likely to be attributed to the leaking of stroma. We may, hence, assume that some factor(s) contained in stroma is required for photoactivation to proceed normally. This factor may not be the cations such as Mn2+ and Ca2 , since the factor is a redox substance which may be reduced in competition with N02-or MV as discussed in the paragraph below.
As indicated in Table IV, N02 and MV inhibited the photoactivation in intact chloroplasts. As to the role of electron transport in photoactivation, it has been inferred that photoactivation requires some oxidized equivalents on the oxidizing side of PSII, based on the observation that the photoactivation in algal cells and intact leaves was sensitive to DCMU (3, 10) . From this point of view, the inhibitory effect of N02 and MV shown in the present study seems remarkable in that the generation of wateroxidation activity was affected under the condition which allowed electron transport through both photosystems to accumulate oxidizing equivalents on the oxidizing side of PSII. Considering that both of those two chemicals are efficient electron acceptors of PSI, the former via ferredoxin assisted by nitrite reductase (14) and the latter via P430, one of the early electron acceptors of PSI (7), we may assume that a redox factor is involved in the process of photoactivation; possibly the reduced form of the factor is required for the photoactivation process in addition to the photooxidation of Mn2+ on the oxidizing side of PSII (5), and the redox state of the factor is competitively regulated in the presence of N02-or MV, as shown by the scheme below. This view is consistent with the above assumption that some soluble factor in stroma is involved in the process, and does not conflict with the previous observation that DCMU is inhibitory for photoactivation. The necessity of such reduced factor may also be related with the observation by Oku and Tomita (16) PMA inhibition Another observation in this study that PMA completely inhibited the photoactivation seems also to be related to the above view. Since PMA is a typical inhibitor for SH-groups, the chemical will block the function of ferredoxin in intact chloroplasts (8) , which may result in complete inhibition of photoactivation according to the above scheme. PMA is also known to affect the coupling factor of chloroplast phosphorylation, CF1. However, CF1 does not seem to be involved in the process, since DCCD, Oligomycin, Gramicidin and methylamine did not inhibit the photoactivation in intact chloroplasts (Table III) . As opposed to Gramicidin and methylamine, CCCP inhibited the photoactivation in intact chloroplasts. Judging from the fact that Gramicidin and methylamine, typical uncouplers, were not inhibitory, the inhibition by CCCP is not due to the uncoupling function but may be causing from some other function of this chemical. It is reported that CCCP reacts with DTT to lose its uncoupling effect in bacterial membranes (12) . It seems possible to assume in this context that the postulated factor, X, is an SH-bearing substance being reactive with CCCP to lose its function in the photoactivation. It seems also worth while to note that some enzymes for Calvin-Benson cycle, such as NADP-linked glyceraldehyde-3-P dehydrogenase and fructose-1,6-diphosphatase are inactive in darkness but are activated on illumination by a soluble factor in stroma having SH-groups, thioredoxin, reduced via ferredoxin by PSI photoreaction (19, 20) . It may be reasonable to assume a similar mechanism for the photoactivation of the water-oxidation system, correlating the factor postulated with thioredoxin.
As shown in Table II 69, 1982 in the vicinity of the water-oxidation enzyme to be activated, and the transport of Mn through thylakoid membranes is not involved in the process.
It was also shown in the present study that DPC-oxidation activity is enhanced during photoactivation in parallel with the generation of water-oxidation activity. This is consistent with the previous observation (9) , and may imply that the photoactivation is not a phenomenon limited within the functional development of the latent water-oxidation enzyme but simultaneously involves some changes in the electron transport activities of the secondary electron donors located between PSII and the water-oxidation system. The function and role of the secondary electron donors of PSII during illumination for photoactivation will be the problems to be pursued, since these donors appear to supply a certain amount of electrons to reduce the factor postulated and discussed in the present study.
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